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1
Discussion
Regarding how the UE-capability-ID is indicated from the UE to the network, the solutions currently documented in TR 23.743 fall in one of the following categories:
-
RRC + N2: UE indicates UE-capability-ID in RRC signalling and then NG-RAN forwards it to the 5GC using N2 signalling. Solutions #2, #6 and #10 fall in this category.

-
NAS: UE indicates UE-capability-ID using NAS signalling. Solutions #5 and #7 fall in this category.

NOTE: Solution #3, #4, #8, #9 and #11 are not very specific about this aspect or do not focus on this aspect at all.
 On the other hand, the solutions can also be categorized wrt whether they rely on RAN caching or not:
-
Without RAN caching: Solution #5. 

-
With RAN caching: Solutions #2, #6, #7 and #10.

There seems to be a high level of correlation between RAN caching and solutions relying on RRC+N2 for indication of the UE-capability-ID, with one exception: Solution #7 which uses NAS signalling for UE-capability-ID, while also relying on RAN caching.
Given its exceptional status, we focus first on how RAN caching works with Solution #7. Here below is an excerpt from TR 23.743:
6.7.3.2
Retrieval of UE Radio Capability
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Figure 6.7.3-1: AMF request RAN to retrieve UE Radio Capability

0.
The UE-capability-ID is stored in the AMF during Registration.

1.
When there is a need for the AMF to send NGAP INITIAL CONTEXT SETUP REQUEST e.g. at Service Request, if the AMF does not have UE Radio Capabilities for the UE-capability-ID, the AMF includes UE-capability-ID but does not include UE Radio Capability in NGAP INITIAL CONTEXT SETUP REQUEST message. If the AMF has the UE Radio Capability for the UE-capability-ID, it includes both UE Radio Capability and UE-capability-ID in the REQUEST message.

1a.
NG-RAN responds with NGAP INITIAL CONTEXT SETUP RESPONSE.

2.
The absence of UE Radio Capability triggers the NG-RAN to requests the UE to upload the UE radio capability information associated with UE-capability-ID if such information is not available in the NG-RAN. If the NG-RAN has already the UE Radio Capabilty associated with the UE-capability-ID, steps 2 and 3 are skipped.

In summary:

-
If AMF does not have the UE radio capability, it includes the UE-capability-ID alone in step 1 (yellow);

-
If NG-RAN already has the cached UE radio capability, it returns it to the AMF in step 4, skipping steps 2 and 3 (green).

-
If the AMF has the UE radio capability, it includes both UE radio capability and UE-capability-ID (cyan). This is how the RAN cache is fed.
Solution #7 does not describe whether it relies on mechanisms for feeding the RAN cache other than the one described in cyan. If that is the only mechanism, one may ask the question whether the green highlighted text corresponds to a realistic use case (i.e. a situation where RAN knows the translation, while the AMF does not know it)?
It should also be noted that in this solution the UE radio capability, when known by the AMF, is always signalled on N2 (cyan highlight).

Observation 1: The implied situation in Solution #7 description, whereby in some cases RAN knows the translation while the AMF does not, may not be realistic.
Observation 2: With Solution #7 there are no signalling savings on N2 because the UE radio capability is always signalled on N2 when it is known by the AMF.

In contrast, here is a simplified description of how RAN cache is fed in Solution #6:
6.6.4.2
UE Triggered Service Request
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Figure 6.6.4.2-1: UE Triggered Service Request procedure (same as TS 23.502 [2] Figure 4.2.3.2-1)

1.
The UE provides its UE-capability-ID as part of the AN parameters.

NOTE:
This is used by the RAN with local storage capabilities to request the corresponding set of UE Radio Capabilities if unknown. Alternatively the AMF could keep track of whether or not the UE-capability-ID (as part of the UE Context it holds) is known to the RAN, depending on the version of the dictionary the AMF knows the RAN to hold.

2.
If the UE-capability-ID received from the UE is unknown to the (R)AN, the RAN provides an  indication to the AMF together with the UE Context request to request the associated set of UE Radio Capabilities from the AMF.
12.
In the N2 Request message to the (R)AN nodes, the AMF includes, if available and if requested by the (R)AN in step 2, the set of UE Radio Capabilities associated to the UE-capability-ID of the UE. It also includes if available the complementary set of UE Radio Capabilities of the UE.

Observation 3: With Solution #6 (or other solutions in which UE-capability-ID is signalled via RRC), the UE radio capability is signalled on N2 only when requested by RAN.

The same observation also applies to the solution presented by Vodafone on the conference call in which RAN uses OAM or new N2 procedures to query the node containing the dictionary.
Another point worth noting is that in case of RAN caching, in the majority of cases the RAN will be able to determine the UE radio capability as soon as it receives the RRC message carrying the UE-capability-ID, whereas in approaches without RAN caching the UE radio capability becomes available in RAN only upon the establishment of UE context in RAN. While the time difference between the two may not be extraordinary, it may still be sufficient to enable the RAN node to configure measurements in the UE even before the UE context is installed in the RAN node.

Observation 4: With RAN caching the RAN is able to determine the UE radio capability before establishment of UE context in the RAN. This may be used by RAN to configure measurements in the UE even before the UE context is installed.

Based on the previous discussion it is proposed to conclude as follows:

Proposal 1: Caching of the UE-capability-ID in NG-RAN shall be supported.

Proposal 2: UE-capability-ID shall be provided in RRC (not in NAS).

It is noted that Proposal 2 is a corollary of Proposal 1, because if RAN caching is not supported, then there is no difference whether UE-capability-ID is indicated using RRC+N2  or NAS signalling.
Another corollary of Proposal 1 is that UE-capability-ID alone needs to be able to identify the UE radio capability (i.e. it cannot be used in conjunction with e.g. the TAC field in the PEI/ IMEI).
2
Proposal

Proposal 1: Caching of the UE-capability-ID in NG-RAN shall be supported.

Proposal 2: UE-capability-ID shall be provided in RRC (not in NAS).

It is proposed to agree an interim conclusion for inclusion in TR 23.743.

******************************** START CHANGE *********************************

8
Conclusions


8.1
Interim conclusions

· The system shall allow for caching of the mapping between the UE Capability ID and the full set of UE’s radio capabilities in NG-RAN.
******************************** END CHANGE *********************************
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